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Apparatus and method for sealing vessels 



FIELD OF THE INVENTION 

This.invention relates to a method and apparatus for sealing containers, and 
in particular, for sealing containers fay a pulse magnetic force (PMF). 

BACKGROUND OF THE INVENTION 

5 A vessel such as a cont£uner» canister, tank, flask, etc. used, for exainple, for 

gas and/or liquid storage is usually produced by manufecturing a vessel body 
portion and a cover portion separately/ For sealing the vessel, welding or crimping 
methods can be used for CQupling ttie cover portion to the vessel body portion. The 
welding is usually carried out by a gas welding apparatus, laser or any otiier 

10 conventional welding technique. Tlie crimping is usually made by stamping or 
rolling. 

It should be noted that the aforementioned conventional techniques suffer 
&otn different disadvaiitages, e.g., ihe vessel body must be made of a hea^rbof 
material, etc. _ 
15 * It is known that pulse m^etic welding and /or fiirming techniques (see, for 
^tample U.S. Pat. No. 5,824,998 to the Assignee of this application) can ovei:come 
som e of the problems of conventiotml welding or crimping methods, 

SIJMMARY OF THE INVENTION 

According to one broad aspect of the present mvention, there is provided a 
20 myethodofsealmg a vessel comprising: j 

- provi(Ung a* vessel body portion having an open end; 
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- providing a cover portion; 

- placing the cover portion into said open end of the vessel portion so 
that an annular gap is provided between said vessel body portion and 
an edge of said cover portion; 

'5 * - providing an induction coil around said open end of said vessel body 

portion and over the edge ofthe cover portion; and ' 
energizing the coil to generate the inagnetic pulse force for collapsing 
the end of the vessel body portion around die cover portion at a 
velocity sufficient for said magnetic pulse force to v^eld said vessel 
10 body portion and the cover portion along the edge to each other. 

According to another broad aspect ofthe present invmtion, fhere^ is provided 
an apparatus for sealing a vessel comprising an induction coil configured for 
surrounding open end of a vessel body portion, inhere said vessel body portion 
holds a cover portion being placed into said open end of the vessel so that an 
1 5 annular gap is provided between said vessel body portioh'and the cover portion. 

BRIEF DESCIUPTION OF THE DRAWINGS \ 

In order to understand the invention and to see how it may be carried out in 
practice, a preferred embodiment will now be described, by way of non-liincutinig 
20 example only, with reference to the accompanying dravdngs, in. whi^^^ 

Fig. 1 is a cross-sectional view of a vessel including a vessel body-portion 
and a cover portion.before a sealing process/ according to one embocfonent of tiie 
invention; 

Fig. 2 is a cross-section^ view ofthe vessel body portion before a sealing 
25 process, according to another embodiment of the invention; 

Fig. 3 is a cross-sectional view of the vessel body portion before a sealing 
process, according to yet another embodiment ofthe invention. 

Fig. 4 is a cross-sectional view of the vessel of Fig. 1 surroimded by an 
induction coil, according to pnc embodimeni ofthe present invention; 
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Fig. 5 is a cross-sectionaj view of an example of an induction coil of the 
present invention; and 

Fig. 6 is a cross-sectional view of the vessel of Fig. 1 surrounded by an 
induction coil, according to another embodiment of the present invention; 

5 

DETAILED DESCRIPTION OF THE BSVENTION 

The principles and operation of a metiiod and an apparatus according to the 
present invention may be better understood with reference to the drawings and the 
accompanying description, it bmg understood that these drawings are givm for 
10 illustrative purposes only and are not meant to be limiting. The same ref^ence 
numerals will be utilized for identii^ins those components which are common m 
the vessel and the woridng coil shown in the drawings throughout the preset 
description of the invention.. 

Fig. 1 illustrates a cross-secdonal view of a vessel 10 hefotQ a sealing 
15 process. The vessel 10 includes a vessel body portion 1 having an opesx end 11 and 
a cover portion 2. The cover portion 2 is placed into the open aad 1 1 of the vessel 
' portion 1 so that an annular gap 12 is provided between the vessel body portion 1 
and an edge 13 of the coverportion2. . 

Examples of the materials from whidbi the vessel body portion 1 and the 
20 cover portion 2 ate made include, but are not limited to, aluminum, low carbon 
steel, brass, copper. It should be appreciated that alloys of these and other naaterials 
can also be used. 

In order to fibc the coveac portion 2 within the vessel body portion before the 
sealing process, according to this embodiment, an additional technological cover 
25 (21 in Fig. 4) can be used togetfier with ttxe cover portion 2. This additional 
technological cover (21 in Fig. 4) can be connected to the cover portion 2 by 
attaching means. An example of the attaching means includes, but is not linoited to, 
pins (22 in Fig, 4) placed in holes (not shown) specially arranged in tiie cover 
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portion 2. The additional cover can, for example^ be made of an insulating n^terial, 
e.g., plastic. 

According to another embodiment of the invention, in order to fix the cover , 
portion within the vessel body portion before the sealing process,, the vessel body 
5 portion bas an expanded zone A at the open end (see Fig. 2). The diameter Da of 
the vessel body portion at the e?q>anded zone A has a value larger than the diameter 
Dv at the renmxing portion of the vessel According to diis embodiment . of the 
invention, before the sealing process, the diameter De of the cover (not shown in 
Fig. 2) has to fiilfill the following inequality: Dv < Dc < Da- 
1 0 Referring to Fig. 3, a cross-sectional view of the vessel body portion before 

a sealing process is illustrated, according to yet another embodiment of the < 
invention. AccorcUng to this embodiment, in order to fix the cover portion within 
the vessel body portion, &e vessel body portion has an undulated zone B near the 
open end of the vessel body portion. The diameter Db of the vessel body portion at ' 
15 the undulated zone A has a value smaller than the diameter Dv at the remaining 
portion of the vessel. According to this embodiment of the invention, before the 
sealing process, the diameter Do of the cover (not shown in Fig. 2) has to fulfill the 
. following inequality: Db<Dc<Dv. 

Fig- 4 illxistrates a cross-sectional view of the vessel of Fig. 1 surrounded by 
20 an induction coil 3 around the open end 11 of the vessel body portion 1 and over 
the edge 13 of the coyer portion 2, Preferably, the open end 11 of the vessel body 
portion 1 is placed into a working zone (33 in Fig. 5) of the coil 3 at a distance of 
about 1t3 mm from an inner edge 32 of the coil 3. 

Fig. 5 illustrates an example of the working induction coil 3, according to 
25 the invention- According to this example, the working induction coil 3 includes a 
one turn coil 32 with canals 4 made into coil's body 30. The canals 4 commum'cate 
to each other and to two openings 6 and 7 provided for the input and output of 
cooling liquid, e.g. water. In order to avoid the leakage of the cooling liquid, three 

o 

additional openings (created in the coil's body 30 in order to form tfee canals 4) are 



I 



-5- 

closed by plugs 5. The openings 6 and 7 are connected to a water pump (not 
•shown) and a radiator (not shown) configured for cooling the cooling liquid. 

According to one embodiment of tb.s invention, the one turn coil 32 is 
connected with a battery of capacitors (not shown) through a pulse transformer (not 
5 shown). 

According to another example, the working induction coil is a multi-turn 
coil (not shown) equipped with a field-shaper (not shown). In this case the 
multi-turn coil is connected to the capacitor battery directly. According to this 
example^ the field-shaper has canals (not shown) connected to the water pump and 
to the radiator. 

' The process of sealing the vessel 10 kicludes energizing the coil to generate 
the magnetic pulse force for collapsing tiie end of the vessel body portion around 
the cover portion. The magnet pulse must have such power that the end of the 
vessel body portion over its movwient through (be annular gap 12 could attain a 
1 5 velocity sufficient for the magnetic pulse force to weld the vessel body pordon and 
the cover portion along the edge to each' other. 

According to the further embodiment of the invention (shown In Fig. 6), an 
insulated cylinder 8 is put on the vessel body J for better holding the vessel body in 
the wojdking zone of the induction coil 3, Preferably, the imiCT diameter of the 
20 insulated cylinder 8 is equal to tiie outer diameter of the vessel body portion 1 
placed und^ the cylinder 8« 

According to one example, Ae vessel body portion can be drivm to the 
welding zone of the woridng induction coil by means of a pneumatic cylinder (not 
shown). 

25 According to anoUier example, the vessel body portion can be driven to the 

welding zone by means of a hydraulic cylinder (not shown). 

• As such, those skilled in the art to which the present invention pertains, 
can appreciate that while the present invention has been described in terms of 
preferred embodiments, the concept upon which this disclosure is based may 
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• readily be utilized as a basis for the designing of other structures, systems and 
processes for carrying out the several purposes of the present itivention. 

It is apparent that although the examples of the vessel of the present 
invention were shown for the vessel bo<fy portion having a circular cross-section, 
5 the sealing method of the present invention can be applied, mioatis mutandis, for 
the sealing of a vessel having an arbitrary cross-sectional shape. 

Moreover, any reference to a specific implementation in tenns of usage of 
the induction coil is shown by way of a non-limiting exaniple. 

Also, it is to be understood «wt the phraseology and teraiinology 
10 employed herein are for the purpose of description and should not be regarded as 
limiting. " 

It is important, therefore, that Hie scope of the invention is not construed as 
being limited by the ilhistratiive embodiinents set forth hereui. Other variations are 
possible within the scope of Ae present invention as defined in the appended 
15 claims and their equivalaits. 
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CLAIMS: 

1. A method of sealing a vessel comprising: 

- providing a vessel body portioo having an open enc^ 

- providing a cover portion; 

5 - placing the cover portion into said open end of the vessel portion so 

that an annular gap is provided between said vessel body portion and 
an edge of said cover portion; 

- providing an induction coil around said open end of said vessel body . 
portion and ovcr.the edge of the cover portion; and 

10 - eaergi2ing the coil to generate the magnetic pulse force for collapsing 

the end of the vessel body portion around the cov& portion at a 
velocity sufticient for said magnetic pulse force to weld said vessel 
body portion and the cover portion along the edge to each oth^. 

2. An apparatus for sealing a vessel comprising an induction coil conJSgured 
15 for sunrounding an op^ end of a vessel body portion, where said vessel body 

portion holds a cover portion beijog placed into said open end of the vessel body 
portion so that an annular gap is provided between said vessel body portion and the 
cover portion. ' 
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